Study aim: The present study was aimed to evaluate the effect of three months (90 min daily for five days in a week) yogic practice on physiological and physical parameters of physically active service personnel. Material and methods: Healthy male volunteers (n=60) of age 27±3 years were randomly selected from paramilitary force of the country in this study. A pre designed yoga training course for 3 months comprising of Prayer, Suddhi kriyas, Yogasanas, Pranayamas, Meditation, Mudra and Bandh was imparted daily by certified yoga teacher in the morning for 90 min. Results: After three months of yogic training, body weight and body mass index did not change significantly, systolic blood pressure and mean blood pressure decreased significantly (p < 0.05). We did not found any significant change in heart rate diastolic blood pressure and respiratory rate. Breath-hold time and strength of the peripheral muscle (back and leg muscle strength) was increased significantly (p < 0.001), whereas peak expiratory flow rate did not change significantly. Anaerobic power was improved significantly (p < 0.05) by means of increasing peak power and average power.
Introduction
The word 'yoga' derived from Sanskrit root 'yuj' meaning 'union'. Asanas, Pranayamas and Meditation result in reducing mental stress of human being. It provides the practitioner with complete psychophysiological holistic health and integrated personality.
Regular yogic practices help in the constructive development of body and mind. Several studies have reported improvement in cardio respiratory, physical, physiological and psychological variables [17, 26] . Studies showed that a regular yogic practice improves body flexibility and muscular efficiency [21, 20] . Yogic practices helped in the improvement of muscular strength, cardio respiratory endurance and reaction time [12, 13] . The regular yogic practice has the ability to provide the practitioner with better maximal work output, less psychological stress and reduced cardiovascular risks [19, 24] . The cardiac recovery index has also been reported to improve as a result of ten weeks of regular yogic practices [15] . Previous study showed the changes of respiratory rate and energy expenditure during sixteen asanas, five yoga breathing maneuvers (BM) and two types of meditation [23] . Studies also reported the effect of yoga postures (asanas) on energy expenditure. Study showed that yogic practices improved body density, body weight, cardiovascular endurance, anaerobic power, consequent to reduced body circumferences and fat percentage [4] . Regular yogic practice provides the practitioner with more physical flexibility [20, 22] , muscle endurance [21, 13] , maximal work output and oxygen consumption [19, 24] . Yogic practice also improves physical performance in terms of aerobic performance, anaerobic performance, body composition and cardiovascular endurance [24, 2, 4] .
Reports also available on the effects of Hatha yoga training to shift the lactate threshold towards higher workload of exercise and also showed improvement in work capacity [20] . Studies showed that yoga has a beneficial role in energy cost or energy expenditure and perceived exertion [24] . Studies demonstrated that virasana and siddhasana increases oxygen consumption, carbon di oxide elimination respiratory exchange rate and energy expenditure during the practice session [17, 18] . Studies demonstrated cardiorespiratory changes and energy expenditure of different postures (asanas), breathing maneuvers (pranayama) and meditation [23] . It has been reported that yoga improve cardio respiratory functions, aerobic capacity and improves body composition by decreasing fat and increasing lean body mass also have a profound effect anaerobic power and anaerobic threshold [2, 4, 20, 24] . Improvement of body composition cardiovascular endurance anaerobic power following yogic practice was described [4] .
Several studies have reported the effect of yoga on the physiology of moderate or sedentary workers but studies on the effect of yoga in physically active paramilitary force such as Border security force (BSF) personnel are scanty. Sleep deprivation, stress, anxiety with physical and physiological performance decrement are very common to cope up with the adverse situation such as high altitude, extreme cold and heat environmental condition. It is also very difficult to perform the exercise in adverse condition such as in extreme cold, extreme heat and in rainy seasons but yoga may be practiced in limited space at any environmental conditions and may be practiced by ill / healthy persons. Apart from this, BSF operates modern and sophisticated equipment to be used in conditions of war. The personnel are all qualified and adequately trained to operate them effectively even under adverse mental and physical conditions. This entails a very high level of mental workload involving vigilance, alertness and critical decision making with very thin margins of error. All the above literatures suggest that yoga has got great applicability in improving the performance ability of the practitioner during these conditions. In light of the existing literature, the present study was designed to evaluate the comprehensive and cumulative effect of practicing yoga on physical and physiological wellbeing of BSF personnel.
Material and methods
Participants: Healthy male volunteers (n = 60) from paramilitary personnel were randomly selected for this study within the age range of 21-33 (27 ± 3) years and height of 174.8 ± 3.52 cm (Mean ± SD) with no previous history of cardiovascular, respiratory, physical health and other ailments. They also did not have any previous exposure to yogic exercises/practices. All the participants were follow the same routine of daily activities. They were taking meals from a particular mess. All of them were briefed on the purpose of the study and gave individual informed consent. The entire protocol was approved by the ethics committee of the Institute.
Design: The participants were given training in selected yogic practices of Hatha yoga for 90 min daily. Hatha yoga training was imparted by a qualified yoga instructor from Morarji Desai National Institute of Yoga (MDNIY), New Delhi. The training was a certificate course consisting of one practical session (90 min) and a theory session (30 min) of Yoga Philosophy daily for five days in a week. The details of yoga protorcol are presented in Table 1 . The parameters were recorded before and after completion of the training period.
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Yogic Anthropometric Measurements: Participants were asked to remove their heavy outer garments (jacket, coat, throusers, skirts, etc.) and shoes. The participant stands in the centre of the platform, weight distributed evenly to both feet. Body weight (BW) in kilograms was measured using an electronic weighing machine (Delmar, India).
The volunteer was asked to stand erect on the floor board of the anthropometer with his back to the vertical backboard of the stadiometer. The weight of the participant was evenly distributed on both feet. The heels of the feet were placed together with both heels touching the base of the vertical board. The buttocks, scapulae, and head were positioned in contact with the vertical backboard. The arms hang freely by the sides of the trunk with palms facing the thighs.The standing body height in centimeters was measured using stadiometer from the sole of the feet to the vertex in erect body position. Body Mass Index (BMI) in kg/m 2 was calculated as the ratio of weight to height in meter squared.
Resting heart rate (HR) and blood pressure (BP): HR in beats/min (bpm) and BP (systolic, diastolic and mean) in mm Hg were recorded using the Datascope ® Passport Polygraphic recording system (Mindray, North America), after a rest of at least half an hour and 15 minutes in a sitting and supine position respectively.
Resting Respiratory Rate (RR): RR was taken with the help of a stop watch (Sunshine Instruments, India) 15 minutes after the subject rested in a supine position with eyes closed.
Back and leg muscle strength (BLS): BLS was taken with the help of the Back and Leg dynamometer (TKK 5402 BACK-D, Japan). The volunteers were asked to hold the bar with alternate grip of one hand forward and the other backward and asked to lift the bar straight without bending knees, lifting heels and leaning backward. The better of two recordings was noted in kg [7] .
Peak expiratory flow rate (PEFR): It was measured using the Peak Flow Meter (Airmed, Mini wright, Clement Clarke International Limited, UK) in L/min. The volunteer was instructed to blow out his maximal expired air through the turbine after a maximal inhalation, when the nose clipped. The reading was noted from the scale of the meter.
Breath-hold Time (BHT):
Volunteers were asked to sit erect, holding their breath as long as possible with the nose clipped, immediately following maximal inspiration using both nostrils. During this period they were restrained from inhalation and exhalation strictly. The period for which the breath was held was noted in the second (s) using an electronic stopwatch (Sunshine Instruments, India). Due surveillance was maintained to avoid intermediate breathing by the volunteers.
Anaerobic Capacity: Anaerobic capacity of the lower body was measured by a computerized controlled bicycle ergometer, Ergomedic 894E Peak Bike (Monark Exercise AB, Sweden). All the volunteers were informed about the exercise protocol. Warming up exercise was performed by cycling (Ergomedic 894E Peak Bike (Monark Exercise AB, Sweden)) for 5 second. The wingate test was used to determine peak anaerobic power and anaerobic capacity of the lower body [3] . The testing device was a mechanically braked bicycle ergometer. After warm up, the volunteer began pedaling as fast as possible without any resistance. After achieving maximum speed per minute, a fixed resistance was applied as per software predicted body weight to the flywheel and the subject continued to pedal maximally for 30 seconds. Subjects were verbally encouraged throughout the test to continue the exercise till 30 sec. A computerized software device controlled the entire test. Test output was obtained as peak power (PP) and average power (AP).
Statistical Analysis: Statistical analyses were done using SPSS 13.0 and values were expressed in Mean ± Standard Deviation. Student's t-test for large (n > 30) paired samples was performed. The computed t was compared to the critical t score for different level of significance. Statistical significance was set at p ≤ 0.05
Results
BW and BMI did not change significantly before and after yogic practices, as shown in Table 2 .
The SBP and MBP were decreased significantly (p < 0.05) following yogic practice, while DBP and HR did not show any significant change, the results have been summarized in Table 3 . A reduction of 3.7% Values are expressed as mean ± SD; NS -not significant and 5.9% was noted in SBP and MBP respectively after completion of yogic training. The results of muscle strength and lung capacity are depicted in Fig. 1 . RR did not change signifi cantly (Fig. 1 A) . BLS was signifi cantly (p < 0.001) improved following 3 months of yogic practice (Fig. 1D ). An improvement of 10.9% of BLS was observed following yogic practice. BHT (Fig. 1B) was increased as a result of yogic training for three months and the improvement of 36.6% was statistically signifi cant (p < 0.001). No signifi cant change in PEFR was observed following yogic practice (Fig. 1C) . PP ( Fig. 2A) and AP (Fig. 2B) were signifi cantly (p < 0.05) improved following yogic practice as shown in Fig. 2 . An improvement of 6.5 % and 5.9% was noted in peak power and average power respectively. 
Discussion
Body weight and BMI did not show any signifi cant changes in our study. A possible explanation for this could be that the duration / components of yogic practice were not suffi cient to bring about any signifi cant changes in body weight and body mass index. There are confl icting reports in body weight changes after yogic exercises in literature -some reporting decrease, while others reporting an increase [25, 29] .
In our study, heart rate and diastolic blood pressure did not show any signifi cant changes, while systolic blood pressure and mean blood pressure reduced signifi cantly. From this observation, it could be stated that this particular module of yogic training could control the blood pressure by reducing the SBP only. It has been reported that the practice of yogic exercises like asanas and pranayama for 6 months reduced sympathetic activity, thus shifting the equilibrium towards parasympathodominance; which could, in turn, be helpful in controlling undue stress-induced sympathetic over-activation [25] . Yogic practices have also reported to control BP in hypertensive patients [16] . A reduction of 3.7% in SBP may be due to decrease in levels of stress, nor epinephrine and epinephrine, following selected yogic practice in the subjects [25] . Yogic practices have the ability to decrease sodium and potassium concentration and also decrease rennin activity in the blood to decrease BP towards normal in the hypertensive patient [25] . Apart from that another study on effect of yoga asana on gamma amino butyric acid (GABA) levels showed enhancement of GABA levels in response to yogic practice in the yoga practitioner [28] . This may lead to parasympathodominance, calm, quietness following yogic practice. Earlier studies showed that yogic practice have the benefi cial role decrease cortisol level [11] . Previous studies showed that the architectural change of EEG alpha wave and practitioner goes towards relaxation state [8] . Apart from that physiological and psychological development, levels of stress were decreased in cellular levels in terms of oxidative stress. Earlier studies on oxidative stress markers showed an improvement in healthy physically active population as well as unhealthy disease population [6, 14, 27, 37] . All these may have the role to decrease SBP and MBP signifi cantly.
In this study BHT was increased as a result of yogic training for three months and the improvement of 36.6% was statistically signifi cant. No signifi cant change in RR and PEFR was observed following yogic practice.It has been reported that the yogic practice improves the overall respiratory functions [9] . Yogic breathing maneuvers have considerable benefi cial effects on respiratory effi cacy. It may strengthens the respiratory musculature. During its practice, the lungs and chest infl ate and defl ate to the maximum possible extent; and the muscles are made to work to the maximal extent. Signifi cantly longer breath-hold time after yoga training by the participants in this study indicated that, yogic breathing maneuvers helped respiratory muscles to delay the onset of fatigue. The participants could also possibly inhale more amount of air to the lungs, thus making a greater amount of oxygen available to the system, which could help in holding the breath for a longer duration and decreased RR. Another possibility could be that the participants in this study practiced breath-hold (Kumbhaka) during the yogic breathing maneuvers which might be responsible for the signifi cant improvement in breath-hold time after yoga training, by the altered chemoreceptor sensitivity of the subject, resulting in the increased time to reach the breaking point [1, 5] . It is worthwhile to mention that we have found significant improvement (10.9%) in BLS after yogic practice. A number of reports are available on the effects of Hatha yogic training on physical performance with reference to muscle strength and endurance. Previous studies reported improvement in body flexibility and muscular efficiency to a standard task with reduction in EMG built up by the practice of yogic exercise [21, 20] . The present study shows that isometric contraction during yoga postures leads to a significant increase in back and leg muscle strength [13] .
In this study, the significant improvement in peak power (6.5 %) and average power (5.9%) in short term exercise indicates that the yoga trainees by virtue of their yogic practices within this specified short span of training could improve their anaerobic capacity. This might be possible due to the enhanced anaerobic capacity by the ATP -creatine phosphate energy system, which uses creatine phosphate as the main energy source, and the lactic acid (or anaerobic glycolysis) system that uses glucose (or glycogen) in the absence of oxygen in the muscle. In addition to the faster neuromuscular coordination [10] . Previous studies reported that significant improvement in anaerobic power as a result of yoga training [4] . However, literature have reported that yoga training produces a significant decrease in anaerobic power [2] .
This study suffers from some limitations that need to be acknowledged and addressed such as this study is a single arm study without any control group, which would have an added advantage to conclude strongly. In addition to that volunteers were Indian Border Security Forces, so they were physically trained and very active from the entry in the forces, so we did not found any significant change in many parameters.
Conclusion
The study showed a significant improvement in back and leg muscle strength and BHT. Systolic and mean blood pressure was significantly decreased. Breathhold time also showed a significant increase after yogic practice. This study showed that particular yogic training helped to improve muscle strength and anaerobic power of the practitioner.
